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Experimental 

Crystal data 

C 18 H 18 C1N0 4 
M r = 347.78 
Triclinic, PI 
a = 8.1717 (10) A 
b = 8.3117 (10) A 
c = 14.6841 (15) A 
a = 93.119 (9)° 
P = 98.369 (10)° 



Data collection 

Agilent Xcalibur (Ruby, Gemini) 

diffractometer 
Absorption correction: multi-scan 

(CrysAlis PRO; Agilent, 2012) 

r mi „ = 0.530, r mm = l.ooo 

Refinement 

R[F 2 > 2a(F 2 )] = 0.077 

wR(F 2 ) = 0.227 

S = 1.12 

3398 reflections 



y = 118.043 (12)° 
V = 862.23 (17) A 3 
Z = 2 

Cu Ka radiation 
jtt = 2.15 mm -1 
T = 295 K 

0.36 x 0.28 x 0.08 mm 



5454 measured reflections 
3398 independent reflections 
2122 reflections with / > 2a(I) 
R„, = 0.043 



219 parameters 

H-atom parameters constrained 
Ap max = 0.39 e A~ 3 
Ap mi „ = -0.24 e A~ 3 



In the title compound, C 18 H 18 C1N0 4 , the imide group with its 
two alkyl substituents is approximately perpendicular to the 
plane of the naphthoquinone ring system [dihedral angle = 
78.5 (1)°]. Further, the imide carbonyl groups are oriented in 
an anti sense. In the crystal, the substituted naphthoquinone 
rings form tt-7T stacks in the a-axis direction [perpendicular 
centroid-centroid distance = 3.209 (2) A and slippage = 
4.401 A]. 

Related literature 

For the synthesis and biological evaluation of some imido- 
substituted 1,4-naphthoquinone derivatives, see; Bakare et al. 
(2003); Berhe et al. (2008); Brandy et al. (2013). For the anti- 
cancer and anti-trypanosomal activity of the title compound, 
see; Bakare et al. (2003); Berhe et al. (2008); Khraiwesh et al. 
(2012). 




O 



Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HG5322). 
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N-Butanoyl-N-(3-chloro-1,4-dioxonaphthalen-2-yl)butanamide 
Ray J. Butcher, Solomon Berhe, Alan J. Anderson and Oladapo Bakare 
Comment 

We have been involved in the synthesis and biological evaluation of some imido-substituted 1 ,4-naphthoquinone 
derivatives [Bakare et al. (2003); Berhe et al. (2008); Brandy et al. (2013)]; and previously reported 2-chloro-3- 
dibutyrylamino-l,4-naphthoquinone (1) to possess inhibitory activities against certain protein kinases (Bakare et al. 
2003). Compound 1 has subsequently been shown to possess a some desirable biological activities including anti-cancer 
[Bakare et al. (2003; Berhe et al. (2008)] and antitrypanosomal activities [(Khraiwesh, et al, (2012)]. We present here 
the crystal structure of this anticancer and antiparasitic agent. 

The title compound, CigHigClNCU, was synthesized as previously reported (Bakare et al. (2003)). The crystal structure 
of the title compound 1 shows that the imide group with its two alkyl substituents is almost perpendicular to the plane of 
the naphthoquinone ring (dihedral angle between planes of 78.5 (1)°. Further the two imide carbonyls are oriented anti to 
each other. The naphthoquinone rings form n-n stacks in the a direction (perpendicular Cg—Cg distance of 3.209 A with 
slippage of 4.401 A). 

Experimental 

The title compound 1 was synthesized by refluxing 2-amino-3-chloro-l,4-naphthoquinone in butyryl chloride as 
previously reported (Bakare et al. (2003)). The compound was crystallized from the crude below 0°C with diethyl ether 
to obtain yellow crystals. 

Refinement 

H atoms were placed in geometrically idealized positions and constrained to ride on their parent atoms with a C — H 
distances of 0.93 and 0.97 A [/ iso (H) = 1.2[/ eq (C) and 0.96 A for CH 3 [C/ lso (H) = 1.5C/ eq (C)]. 

Computing details 

Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: CrysAlis PRO (Agilent, 2012); data reduction: CrysAlis 
PRO (Agilent, 2012); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare 
material for publication: SHELXTL (Sheldrick, 2008). 
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Figure 1 

Diagram of Ci 8 Hi 8 ClN0 4 showing atom labeling. 




Figure 2 

The molecular packing for CigHigONCU viewed along the b axis and showing the n-iz stacking in the a direction. 
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iV-Butanoyl-iV-(3-chloro-1,4-tlioxonaphthalen-2-yl)butanamide 



Crystal data 

C 18 H 18 C1N0 4 
M r = 347.78 
Triclinic, PI 
Hall symbol: -P 1 
a = 8.1717(10) A 
6 = 8.3117 (10)A 
c= 14.6841 (15) A 
a = 93.119 (9)° 
fi = 98.369 (10)° 
y= 118.043 (12)° 
V= 862.23 (17) A 3 

Data collection 

Agilent Xcalibur (Ruby, Gemini) 

diffractometer 
Radiation source: Enhance (Cu) X-ray Source 
Graphite monochromator 
Detector resolution: 10.5081 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2012) 



T ■ = 0 530 T 



1.000 



Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F* > laiF 2 )] = 0.077 

wR(F*) = 0.227 

S = 1.12 

3398 reflections 

219 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Z=2 

7^(000) = 364 

D x = 1.340 Mgnr 3 

Cu Ka radiation, I = 1.54178 A 

Cell parameters from 1350 reflections 

69 = 3.1-75.5° 

fi = 2.15 mm -1 

T=295 K 

Plate, pale yellow 

0.36 x 0.28 x 0.08 mm 



5454 measured reflections 
3398 independent reflections 
2122 reflections with I > 2a{I) 
R mt = 0.043 

^max 75.7 , $min 3.1 

h = -8— >10 
£ = -10—8 
/ = -18— 18 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[c7 2 ( J Fo 2 ) + (0.0739P) 2 + 0.4803P] 

where P = (F„ 2 + 2F*)/3 
(A/ < r) max < 0.001 
Ay9 max = 0.39 e A" 3 
Ap mm = -0.24 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional /J?-factors R are based on F, with F set to zero for negative F 2 , The threshold expression ofF 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



x y z U lS0 */U eq 

Cll 0.4121 (2) 0.34538 (16) 0.17915 (8) 0.0891 (4) 

01 0.2762 (5) 0.3535 (4) -0.0134(2) 0.0844(9) 

02 0.4177(5) 0.9507(4) 0.2097(2) 0.0938(11) 
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0.9600 


C8— C9 




1.479 (5) 






C15— Nl- 


-Cll 


127.5 (4) 


C13— C12— H12A 


108.1 


C15— Nl— C10 


113.5 (4) 


Cll— C12— H12B 


108.1 


Cll— Nl— C10 


119.0(4) 


C13— C12— H12B 


108.1 


C10— CI— C2 


121.8 (4) 


H12A— CI 2— H12B 


107.3 


C10— Cl- 


-Cll 


121.9(3) 


C14— C13— C12 


114.9(7) 


C2— CI— Cll 


116.3 (3) 


C14— C13— H13A 


108.5 


01— C2— C3 


122.9 (4) 


C12— C13— H13A 


108.5 
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01— C2— Cl 
C3— C2— CI 
C4— C3— C8 
C4— C3— C2 
C8— C3— C2 
C5— C4— C3 
C5 — C4 — H4A 
C3 — C4 — H4A 
C4— C5— C6 
C4— C5— H5A 
C6— C5— H5A 
C5— C6— C7 
C5— C6— H6A 
C7— C6— H6A 
C8— C7— C6 
C8— C7— H7A 
C6— C7— H7A 
C7— C8— C3 
C7— C8— C9 
C3— C8— C9 

02— C9— C8 

02— C9— CIO 
C8— C9— CIO 
Cl— CIO— Nl 
Cl— CIO— C9 
Nl— CIO— C9 

03— Cll— Nl 
03— Cll— C12 
Nl— Cll— C12 
Cll— C12— C13 
Cll— C12— H12A 



120.0 (4) 
117.0(3) 
119.0(4) 
119.9(3) 

121.1 (3) 
120.4 (4) 
119.8 
119.8 

120.4 (4) 
119.8 
119.8 
119.9(4) 
120.0 
120.0 
120.6 (4) 
119.7 
119.7 

119.8 (4) 
119.9(3) 
120.3 (4) 
122.0 (4) 
120.3 (4) 
117.6(3) 

121.5 (4) 

121.9 (3) 
116.6(3) 
118.8 (6) 

124.2 (6) 
117.0(4) 
116.7(5) 
108.1 



C14— C13— H13B 
C12— C13— H13B 
HI 3 A— C13— H13B 
C13— C14— H14A 
C13— C14— H14B 
H14A— C14— H14B 
C13— C14— H14C 
H14A— C14— H14C 
H14B— C14— H14C 
04— C15— Nl 
04— C15— C16 
Nl— C15— C16 
C17— C16— C15 
C17— C16— H16A 
C15— C16— H16A 
C17— C16— H16B 
C15— C16— H16B 
H16A— C16— H16B 
C16— C17— C18 
C16— C17— H17A 
C18— C17— H17A 
C16— C17— H17B 
C18— C17— H17B 
H17A— C17— H17B 
C17— C18— H18A 
C17— C18— H18B 
H18A— C18— H18B 
C17— C18— H18C 
H18A— C18— H18C 
H18B— C18— H18C 



108.5 

108.5 

107.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

117.7(4) 

123.7 (5) 

118.6(5) 

115.8(5) 

108.3 

108.3 

108.3 

108.3 

107.4 

117.0(6) 

108.1 

108.1 

108.1 

108.1 

107.3 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 



CIO— Cl— C2— 01 
Cll— Cl— C2— 01 
CIO— Cl— C2— C3 
Cll— Cl— C2— C3 
01— C2— C3— C4 
Cl— C2— C3— C4 
01— C2— C3— C8 
Cl— C2— C3— C8 
C8— C3— C4— C5 
C2— C3— C4— C5 
C3— C4— C5— C6 
C4— C5— C6— C7 
C5— C6— C7— C8 
C6— C7— C8— C3 
C6— C7— C8— C9 
C4— C3— C8— C7 
C2— C3— C8— C7 



177.8 (4) 
-3.1 (6) 
-3.5 (6) 
175.6(3) 
3.2 (6) 
-175.4(4) 
-177.6 (4) 
3.7 (6) 
-0.3 (7) 

178.9 (4) 
0.1 (8) 
0.5 (8) 
-1.1(8) 
0.9 (7) 
-178.6(5) 
-0.3 (6) 
-179.4(4) 



C2— Cl— CIO— C9 
Cll— Cl— CIO— C9 
C15— Nl— CIO— Cl 
Cll— Nl— CIO— Cl 
C15— Nl— CIO— C9 
Cll— Nl— CIO— C9 
02— C9— CIO— Cl 
C8— C9— CIO— Cl 

02— C9— CIO— Nl 
C8— C9— CIO— Nl 
C15— Nl— Cll— 03 
CIO— Nl— Cll— 03 
C15— Nl— Cll— C12 
CIO— Nl— Cll— C12 

03— Cll— C12— C13 
Nl— Cll— C12— C13 
Cll— C12— C13— C14 



-0.7 (6) 
-179.8(3) 
-102.5 (5) 
79.8 (5) 
76.4 (5) 
-101.2 (5) 
-174.2 (4) 

4.7 (6) 

6.8 (6) 
-174.3 (4) 
16.4 (8) 
-166.3 (5) 
-163.7(5) 
13.6(7) 
-7.2 (10) 
172.9 (5) 
-70.9 (9) 
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C4 — C3 — C 8 — C9 


179.3 (4) 


/"< 1 1 XT 1 PI f Z' \ y| 

C 1 1 — JN 1 — L 1 5 — U4 


-176.9 (4) 


C2 — C3 — C 8 — 09 


0.1 (6) 


C 1 0 — N 1 — C 1 5 — 04 


5.7 (6) 


r7 rs tq n? 

v. / — v^-o — v^y — uz 




n 1 >ji n s rift 

V 1 1 IN 1 1 J l_ 1 O 


S 1 (l\ 


C3— C8— C9— 02 


174.5 (4) 


CIO— Nl— C15— C16 


-172.3 (4) 


C7— C8— C9— CIO 


175.3 (4) 


04— CI 5— CI 6— C17 


-9.5 (10) 


C3— C8— C9— CIO 


-4.3 (6) 


Nl— C15— C16— C17 


168.4 (6) 


C2— CI— CIO— Nl 


178.2 (4) 


C15— C16— C17— C18 


178.4 (7) 


Cll— CI— CIO— Nl 


-0.9 (6) 
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